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ABSTRACT 3 0 3  73-- 
Using t h e  A l o u e t t e  I t o p s i d e  ionograms f o r  

e q u a t o r i a l  l a t i t u d e s  f o r  t h e  pe r iod  from September 

1964 t o  February 1965, t h e  d i u r n a l  behav io r  of 

t o p s i d e  Spread F and i t s  a s s o c i a t i o n  wi th  magnetic 

a c t i v i t y  h a s  been s t u d i e d .  I t  is found t h a t  t h e r e  

is a n e g a t i v e  c o r r e l a t i o n  between t h e  occurrence  

of t o p s i d e  Spread F and K i n d i c e s .  From a comparison 
P 

of Spread F below hmF2 as  observed from t h e  Huancayo 

bot tomside  ionograms and t h e  t o p s i d e  Spread F a t  
t h e  same l a t i t u d e ,  it is  found t h a t ,  b e s i d e s  t h e  

g e n e r a l  s i m i l a r i t y  i n  t h e i r  d i u r n a l  behav io r ,  t h e  

o n s e t  of Spread F i s  e a r l i e r  i n  t h e  bot tomside compared 

t o  t h a t  i n  t h e  t o p s i d e ,  and t h a t  t h e  phenomenon decays 
la ter  i n  t h e  t o p s i d e  t h a n  i n  t h e  bot tomside .  These 
r e s u l t s  are examined i n  t h e  l i g h t  of c u r r e n t  theories  
of  Spread F and a q u a l i t a t i v e  e x p l a n a t i o n  is sugges ted  

fo r  t h e  p e r s i s t e n c e  of t o p s i d e  Spread F 

hour s .  

INTRODUCTION 

The launching  of t h e  t o p s i d e  sounder  s a t e l l i t e  A loue t t e  I i n  

September,  1962 (Warren,1962) opened new means of s tudy ing  t h e  t o p s i d e  
b 
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i onosphe re .  The A l o u e t t e  I s a t e l l i t e  moves i n  a v e r y  n e a r l y  
c i r c u l a r  o r b i t  a t  an  a l t i t u d e  of  about  1000 Km and an o r b i t a l  

i n c l i n a t i o n  of about  80° t o  t h e  e q u a t o r .  Topside ionograms a r e  
r eco rded  f o r  about  12 minutes  a t  18 second i n t e r v a l s  on  command 

from ground t e l e m e t r y  and command s t a t i o n s .  The phenomenon 
of Spread F a s  i t  appea r s  i n  t h e  t o p s i d e  ionosphe re  can be  

s t u d i e d  u s i n g  t h e  A l o u e t t e  I t o p s i d e  ionograms ( P e t r i e ,  1963;  

C a l v e r t  and Schmid, 1964). C a l v e r t  and Schmid (1964) have 
i n t e r p r e t e d  t h e  Spread F c o n f i g u r a t i o n s  a p p e a r i n g  on t h e  t o p s i d e  
ionograms a s  a r i s i n g  due t o  (1)  a s p e c t  - s e n s i t i v e  s c a t t e r i n g  by 
t h i n  m a g n e t i c - f i e l d - a l i g n e d  i r r e g u l a r A t i e s ,  (2)  d u c t i n g  a l o n g  

broad i r r e g u l a r i t i e s  and  (3)  r e f r a c t i o n  w i t h i n  l a r g e  s c a l e  
r e d u c t i o n s  i n  e l e c t r o n  d e n s i t y .  T h i s  paper  p r e s e n t s  t h e  r e s u l t s  

of a s t u d y  of  t o p s i d e  Spread F a t  e q u a t o r i a l  l a t i t u d e s .  A 

comparison between t h e  behav io r  of  Spread F i n  t h e  t o p s i d e  and 

bot tomside  is a l s o  made. 

ANALYSIS OF TOPSIDE SPREAD F 

The t o p s i d e  ionograms s t u d i e d  i n  t h e  p r e s e n t  i n v e s t i g a t i o n  

were r eco rded  a t  t h e  Q u i t o ,  Ecuador ,  command and t e l e m e t r y  
s t a t i o n .  The o b s e r v a t i o n s  ana lyzed  c o v e r  t h e  p e r i o d  from 

September 15, 1964 t o  February  17 ,  1965. The ionograms a r e  
examined f o r  the  presence  or  absence of  Spread F. During t h e  
p e r i o d  of  o b s e r v a t i o n ,  t h e  o c c u r r e n c e s  o f  t h e  Spread  F c o n f i g u r a t i o n s  

due t o  d u c t i n g  a long  broad  i r r e g u l a r i t i e s  and due t o  r e f r a c t i o n  

w i t h i n  l a r g e  s c a l e  r e d u c t i o n s  of  e l e c t r o n  d e n s i t y ,  a s  c l a s s i f i e d  

b y  C a l v e r t  and Schmid (1964) a r e  v e r y  few. Thus,  t h e  r e s u l t s  

p r e s e n t e d  h e r e  cor respond main ly  t o  t h e  Spread  F c o n f i g u r a t i o n s  
due t o  a s p e c t - s e n s i t i v e  s c a t t e r i n g  by t h i n  f i e l d - a l i g n e d  
i r r e g u l a r i t i e s .  

i n t e r v a l  is computed f o r  l a t i t u d e  i n t e r v a l s  of  4O, from 12OS 
t o  1 6 O N  geomagnetic l a t i t u d e .  

The percentage  o c c u r r e n c e  of  Spread F for  e a c h  h o u r l y  

The d i u r n a l  v a r i a t i o n  of t h e  

I 
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Percentage  occur rence  of t o p s i d e  Spread F is  p r e s e n t e d  i n  F igs .  

l a  and b f o r  d i f f e r e n t  l a t i t u d e  ranges.  The e r r o r  f l a g s  a t  each  

p o i n t  i n d i c a t e  t h e  75 pe rcen t  conf idence  i n t e r v a l  c a l c u l a t e d  

u s i n g  t h e  t - d i s t r i b u t i o n  ( L i ,  1964). Smooth cu rves  

a r e  drawn through t h e  o b s e r v a t i o n s  t o  r e p r e s e n t  t h e  g e n e r a l  

d i u r n a l  behav io r  of t o p s i d e  Spread F. The g e n e r a l  c h a r a c t e r -  

i s t i c s  of t h e s e  cu rves  a r e  a s  fo l lows :  
1. The t o p s i d e  Spread F is  main ly  a n igh t t ime  phenomenon 

a t  e q u a t o r i a l  l a t i t u d e s .  
2. The d i u r n a l  behavior  is s i m i l a r  i n  t h e  n o r t h e r n  and 

s o u t h e r n  l a t i t u d e s  around t h e  geomagnetic e q u a t o r .  
3. The o n s e t  of Spread F t a k e s  p l a c e ,  g e n e r a l l y ,  between 

2000 hours  and 2100 hours  LMT. 

4. The percentage  occurrence  rises s h a r p l y  t o  i ts maximum 

and r eaches  i t s  maximum s h o r t l y  a f t e r  midnight .  
5. There is a s h a r p  f a l l  i n  t h e  percentage  occurrence  of 

Spread F a f t e r  0500 hours  LMT and Spread F p e r s i s t s  

w i t h  ve ry  much reduced occur rence  i n  t h e  morning hours .  
Comparing t h e  above r e s u l t s  w i t h  t h o s e  r e p o r t e d  by C a l v e r t  

and Schmid (1964) f o r  t h e  per iod  between September 1962 and 
January  1963, it is found t h a t  t h e r e  is  a g e n e r a l  agreement 
between t h e  t w o .  

I n  o r d e r  t o  s t u d y  t h e  l a t i t u d i n a l  d i s t r i b u t i o n  of t o p s i d e  

Spread F a t  e q u a t o r i a l  l a t i t u d e s ,  t h e  t o t a l  percentage  occur rences  

a r e  p l o t t e d  a g a i n s t  geographic ,  geomagnetic and d i p  l a t i t u d e s  a s  

shown i n  F igs .  2a and 2b and 2c r e s p e c t i v e l y .  I t  can be s e e n  
from t h e s e  f i g u r e s  t h a t  t h e  d i s t r i b u t i o n  is symmetr ical  o n l y  

about  e i t h e r  t h e  geomagnetic or d i p  e q u a t o r ,  s u g g e s t i n g  a 

magnet ic  c o n t r o l  of t h e  phenomenon. A t  t h e  long i tude  range  
under  c o n s i d e r a t i o n  (around 75 W ) ,  t h e  geomagnetic and d i p  

e q u a t o r s  a lmost  c o i n c i d e  and hence, a t  e q u a t o r i a l  l a t i t u d e s ,  one 
may expec t  s i m i l a r  d i s t r i b u t i o n  w i t h  e i t h e r  l a t i t u d e s  a s  observed 
he re .  S i n g l e t o n  (1960) s t u d y i n g  t h e  geomorphology of bot tomside 

0 
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Spread F r e p o r t e d  t h a t  a d i s t r i b u t i o n  t h a t  is symmetr ical  

everywhere can be o b t a i n e d  o n l y  i n  r e l a t i o n  t o  t h e  geomagnetic 

e q u a t o r ,  w h i l e  i n  a l i m i t e d  r e g i o n  around t h e  e q u a t o r ,  a d i s t r i -  

b u t i o n  i n  terms of d i p  a l s o  appears  t o  be symmetric. T h i s  

i n d i c a t e s  t h a t  t h e  l a t i t u d i n a l  d i s t r i b u t i o n  of Spread F i n  t h e  

r e g i o n  around t h e  e q u a t o r  is s i m i l a r  i n  t h e  t o p s i d e  and bottom- 
s i d e  F r eg ion .  

With a view t o  s t u d y  t h e  e f f e c t  of magnet ic  a c t i v i t y  on 
t h e  occurrence  of t o p s i d e  Spread F, t h e  d a t a  f o r  t h e  whole 

l a t i t u d e  range under c o n s i d e r a t i o n  i s  grouped accord ing  t o  t h e  

cor responding  va lue  of t h e  3 hour ly  p l a n e t a r y  magnet ic  index  K 
and t h e  percentage occurrence  for each v a l u e  of K is  c a l c u l a t e d  
and p l o t t e d  a s  shown i n  Fig.  3. I t  shou ld  be noted  t h a t  t h e  K 

s c a l e  goes only up t o  4 ,  s i n c e  t h e  p e r i o d  of a n a l y s i s  cor responds  

t o  a t i m e  near  t h e  m i n i m u m  of s o l a r  a c t i v i t y .  From Fig .  3 i t  
can be s e e n  t h a t  t h e r e  is a n e g a t i v e  c o r r e l a t i o n  between t h e  
t o p s i d e  Spread F and magnetic a c t i v i t y  a s  r e p r e s e n t e d  by t h e  
K i n d i c e s .  C a l v e r t  and Schmid (1964) r e p o r t e d  a weak n e g a t i v e  

c o r r e l a t i o n  between t h e  t o p s i d e  Spread F a t  e q u a t o r i a l  l a t i t u d e s  
due t o  t h i n  f i e l d - a l i g n e d  i r r e g u l a r i t i e s  and K index.  The 

p r e s e n t  f i n d i n g  is i n  g e n e r a l  agreement w i t h  t h a t  of C a l v e r t  
and Schmid. I t  is  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  bot tomside  

Spread F a t  e q u a t o r i a l  l a t i t u d e s  a l s o  shows n e g a t i v e  c o r r e l a t i o n  

w i t h  magnetic a c t i v i t y  (Lyon e t . a l . ,  1958; Shimazaki,  1959; 

Rao and Rao, 1961; Krishnamurthy and Rao, 1963).  Thus,  i t  can 

be concluded t h a t  t h e  t o p s i d e  and bot tomside  Spread F a t  

e q u a t o r i a l  l a t i t u d e s  behave i n  t h e  same manner a s  r e g a r d s  t h e i r  
a s s o c i a t i o n  wi th  magnetic a c t i v i t y .  

P 

P 

P 

P 

P 

COMPARISON WITH BOTTOMSIDE SPREAD F 
With a v i e w  t o  compare t h e  d i u r n a l  b e h a v i o r  of t o p s i d e  

Spread F w i t h  t h a t  of t h e  bot tomside  Spread F a t  t h e  same 
l o c a t i o n  and f o r  t h e  same p e r i o d  of o b s e r v a t i o n  t h e  bot tomside  
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1 ionograms of Huancayo (12OS Geograph. Lat ; 75OW; 0.6OS geomagn. 

La t . )  t aken  eve ry  15 minutes  du r ing  t h e  p e r i o d  from September 15, 
U 1964 t o  February 17 ,  1965 a r e  examined f o r  t h e  occurrence  of 

Spread F. 
i n t e r v a l  is o b t a i n e d  and p l o t t e d  a g a i n s t  t h e  l o c a l  mean t i m e  
a s  shown i n  F ig ,  4. In  t h e  same f i g u r e ,  t h e  d i u r n a l  behav io r  o f  

t h e  t o p s i d e  Spread F is shown, for  t h e  l a t i t u d e  range  0-2OS 

geomag. l a t . ,  which cove r s  t h e  geomagnetic l a t i t u d e  of Huancayo 

(0.6OS). 
l o c a t i o n s  of t o p s i d e  o b s e r v a t i o n s  a r e  around 75OW which is  t h e  

l o n g i t u d e  of Huancayo. H e r e ,  w e  a r e  comparing t h e  Spread F a s  
s e e n  above and below hmF e f f e c t i v e l y  a t  t h e  same l o c a t i o n .  

I t  can be s e e n  from Fig .  4,  t h a t  t h e  average d i u r n a l  

The percentage  occurrence  of Spread F f o r  each  hour ly  

I t  should  be no ted  here  t h a t  t h e  l o n g i t u d e s  of t h e  

2 

b e h a v i o r s  of t o p s i d e  and bot tomside Spread F a r e  s i m i l a r ,  b u t  

f o r  some minor, y e t ,  impor tan t  d i f f e r e n c e s .  The o n s e t  of Spread 

F i n  t h e  t o p s i d e  is de layed  by about 2 hours  compared t o  t h a t  i n  

t h e  bot tomside .  A l s o ,  i n  t h e  bottomside, Spread F d i s a p p e a r s  
soon a f t e r  ground s u n r i s e ,  whereas i n  t h e  t o p s i d e ,  Spread F 

p e r s i s t s  i n  t h e  morning hours ,  with much reduced percentage  
occurrence .  Thus, i t  looks a s  though t h e  whole d i u r n a l  curve of 
t o p s i d e  Spread F is s h i f t e d  i n  t i m e  w i t h  r e s p e c t  t o  t h a t  of 

bo t tomside  Spread F. Of c o u r s e ,  t h e  e s s e n t i a l  f e a t u r e  of t h e  
d i u r n a l  behavior  of b o t h  t o p s i d e  and bot tomside  Spread F is t h a t  

t h e y  a r e  mainly noc tu rna l .  
To make a d i r e c t  comparison, i n s t e a d  of t h e  average b e h a v i o r ,  

between t o p s i d e  and bot tomside  Spread F, s imul taneous  o b s e r v a t i o n s  
( w i t h i n  about 8 minutes  t i m e  d i f f e r e n c e )  a r e  chosen i n  which 

Spread F is p r e s e n t  a t  l e a s t  on  one s i d e  of hmF2 and a r e  t a b u l a t e d  
i n  Tab le  1. The presence  of Spread F is i n d i c a t e d  by an "x" mark 
and t h e  absence by a dash. 

- T h i s  t a b l e  shows t h a t  Spread F is p r e s e n t  i n  t h e  t o p s i d e ,  

a g r e a t e r  number of t i m e s  t h a n  i n  t h e  bot tomside .  I n  o t h e r  words, 
t h e  i r r e g u l a r i t i e s  c a u s i n g  Spread F a r e  more f r e q u e n t  i n  t h e  t o p s i d e  r. 



r e g i o n  t h a n  i n  t h e  r e g i o n  below. The d i f f e r e n c e s  i n  occur rence  

o f  Spread F i n  t h e  t o p s i d e  and bot tomside  a r e  s i g n i f i c a n t  e s p e c i a l l y  

i n  t h e  o n s e t  and decay p e r i o d s  a s  a l s o  i n d i c a t e d  by t h e  d i u r n a l  

c u r v e s  of Fig.  4 .  I n  t h e  a n a l y s i s  of bot tomside  ionograms of  

Huancayo, i t  is found t h a t ,  a t ,  and s h o r t l y  a f t e r  t h e  o n s e t  of 
Spread F, t h e  phenomenon, g e n e r a l l y ,  is c o n f i n e d  main ly  t o  t h e  
l o w  f requency  s i d e  of  t h e  ionogram o r  bottom p a r t  of  t h e  F 

r e g i o n  and then  c o v e r s  t h e  whole f r equency  range .  Thus,  i n  

s u c h  a c a s e ,  i t  c a n  be expec ted  t h a t  Spread F may no t  be p r e s e n t  
i n  t h e  t o p s i d e  r e g i o n  a t  and s h o r t l y  a f t e r  t h e  t i m e  of o n s e t  o f  

Spread F i n  t h e  bot tomside .  T h i s  a l s o  s u g g e s t s  t h a t  t h e  mechanism 
o f  p roduc t ion  o f  i r r e g u l a r i t i e s  c a u s i n g  Spread F i n  t h e  
bot tomside  and t o p s i d e  may no t  be t h e  same. I t  is i n t e r e s t i n g  

t o  n o t e  h e r e  t h a t  B r i g g s  (1964) from d i r e c t  comparison of r a d i o  

s t a r  s c i n t i l l a t i o n s  observed  a t  Cambridge (52ON, OOE) and 
bot tomside  Spread F a t  Slough ( 5 1 . 5 O N ,  low) r e p o r t e d  t h a t  t h e r e  

a r e  o c c a s i o n s  o f  occur rence  of s c i n t i l l a t i o n s  when t h e r e  is no 

Spread F observed i n  t h e  bot tomside  ionograms and s u g g e s t e d  t h a t  
t h e r e  must be i r r e g u l a r i t i e s  above t h e  maximum of  t h e  F r e g i o n  

which a r e  unobservable  by ground based  sounder s .  Taking  f o r  
g r a n t e d  t h a t  t h e  i r r e g u l a r i t i e s  c a u s i n g  Spread  F and r a d i o  s t a r  

s c i n t i l l a t i o n s  a r e  t h e  same, t h e  o b s e r v a t i o n s  of  Br iggs ,  though 
f o r  a h i g h  l a t i t u d e  s t a t i o n  a r e  i n  agreement w i t h  t h e  r e s u l t  from 

Table  1, t h a t  t h e  i r r e g u l a r i t i e s  a r e  more f r e q u e n t  i n  t h e  t o p s i d e  

r e g i o n  t h a n  i n  t h e  bot tomside  r e g i o n .  U n f o r t u n a t e l y ,  no r e p o r t s  
on d i r e c t  comparison o f  s imul t aneous  o b s e r v a t i o n s  o f  r a d i o  s t a r  
s c i n t i l l a t i o n s  and Spread F a t  e q u a t o r i a l  l a t i t u d e s  a r e  a v a i l a b l e  
i n  t h e  l i t e r a t u r e .  

DISC USS ION 
The comparison between t o p s i d e  and bo t toms ide  Spread F 

p r e s e n t e d  i n  t h e  p rev ious  s e c t i o n  brought  o u t  t h e  g e n e r a l  
s i m i l a r i t y  i n  t h e i r  d i u r n a l  c h a r a c t e r i s t i c s  and t h e i r  a s s o c i a t i o n  

w i t h  magnet ic  a c t i v i t y ,  b e s i d e s  S o m e  d i f f e r e n c e s ,  namely, Spread F 

- 6 -  
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s t a r t s  and d i s a p p e a r s  l a t e r  i n  t h e  t o p s i d e  compared t o  bot tomside .  

In  t h e  f o l l o w i n g ,  t h e s e  r e s u l t s  a r e  examined i n  t h e  l i g h t  of 
c u r r e n t  t h e o r i e s  on  Spread F i r r e g u l a r i t i e s .  

Dagg (1957a, 1957b) a f t e r  f i n d i n g  a l l  t h e  e a r l i e r  t h e o r i e s  

of Spread F a s  i n a d e q u a t e ,  s u g g e s t e d  t h a t  a t u r b u l e n t  component 

of  t h e  e l ec t r i c  f i e l d  i n  t h e  dynamo r e g i o n  is communicated 

t o  t h e  F r e g i o n  a l o n g  t h e  conduc t ing  magnet ic  l i n e s  of f o r c e ,  

t h u s  producing inhomogenei t ies  of i o n i z a t i o n  i n  t h e  F r e g i o n .  

L a t e r  a n a l y s i s  by F a r l e y  (1959, 1960) and S p r e i t e r  and B r i g g s  
(1961a, b )  showed t h a t  t h e  c o u p l i n g  is t o o  weak t o  produce s m a l l  

s c a l e  i r r e g u l a r  f i e l d s  of any consequence i n  t h e  F r e g i o n  a t  
e q u a t o r i a l  l a t i t u d e s .  

Martyn (1959) proposed t h a t  t h e  base  of t h e  F r e g i o n  is 
e s s e n t i a l l y  u n s t a b l e  when t h e  r e g i o n  is moving upwards. A 

c y l i n d r i c a l  inhomogeneity of  i o n i z a t i o n  a l i g n e d  a l o n g  t h e  magnet ic  
f i e l d ,  i n  t h e  F r e g i o n  would move w i t h  a v e l o c i t y  r e l a t i v e  t o  
t h e  su r round ing  i o n i z e d  medium g iven  by 

AN where V is t h e  v e l o c i t y  of  t h e  s u r r o u n d i n g  medium and E = - 
Thus, from e q u a t i o n  (1) i t  can  be s e e n  t h a t  below hmF2, when 
t h e  su r round ing  m e d i u m  is moving upwards (V > 0 ) ,  n e g a t i v e  
inhomogenei t ies  (AN < 0) i n  t h e  i o n i z a t i o n  d e n s i t y  would move 
i n t o  r e g i o n s  of h i g h e r  ambient i o n i z a t i o n  d e n s i t y  and consequen t ly  
get  a m p l i f i e d .  S i m i l a r l y ,  any p o s i t i v e  inhomogenei ty  (AN > 0) 
moves downward i n t o  r e g i o n s  of  lower d e n s i t y  and g e t s  a m p l i f i e d .  

N' 

The s i t u a t i o n  is d i f f e r e n t  when t h e  l a y e r  is  moving downwards 
s i n c e  t h e n  inhomogenei t ies  a r e  smoothed o u t  because  n e g a t i v e  

inhomogenei t ies  move i n t o  r e g i o n s  of  lower ambient d e n s i t y  and 
p o s i t i v e  inhomogenei t ies  i n t o  r e g i o n s  of h i g h e r  ambient d e n s i t y .  

On t h e  o t h e r  hand, above hmF2, c o n d i t i o n s  f o r  a m p l i f i c a t i o n  of 
inhomogenei t ies  a r e  r e v e r s e d .  They a r e  a m p l i f i e d  when t h e  l a y e r  
is moving downwards, s i n c e  t h e n  t h e  n e g a t i v e  inhomogene i t i e s  move 

i n t o  r e g i o n s  of h i g h e r  ambient d e n s i t y  and p o s i t i v e  inhomogene i t i e s  
i n t o  r e g i o n s  of lower ambient d e n s i t y .  

L 

.? 

1 
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I Following Martyn, t h e  upward v e l o c i t y  of t h e  F r e g i o n  
I 

-1 r e q u i r e d  f o r  t h e  i r r e g u l a r i t i e s  (AN < 0) a t  t h e  base  of t h e  F 
I r eg ion  t o  r e a c h  hmF dur ing  t h e i r  l i f e t i m e  is  c a l c u l a t e d .  The 2 

'IC l i f e t i m e  of t h e  i r r e g u l a r i t i e s  is t h e  r e l a x a t i o n  t i m e  of t h e  

r eg ion  i t s e l f ,  g iven  by @-I, @ being t h e  l o s s  ra te  of t h e  r e g i o n  

and accord ing  t o  t h e  c u r r e n t  unders tanding  8 - l  is of t h e  o r d e r  
of 10 sec. From a n  examinat ion of bo t tomside  N-h p r o f i l e s ,  between 

t h e  hours  1800 t o  2000 hours  LMT f o r  t h e  month of October  1964 
ob ta ined  from Huancayo ionograms by a method due t o  Jackson 

4 

I (1956) ,  it is found t h a t  on t h e  average  a p a r a b o l i c  e x p r e s s i o n  
I of t h e  type  

" 2' 
&) N = Nm (1 - 

where z is t h e  h e i g h t  measured f r o m  hmF i n  u n i t s  of scale 
h e i g h t ,  t a k i n g  t h e  scale h e i g h t  H as  55 km a t  300 km l e v e l ,  is  
a good approximation f o r  t h e  bottomside F r e g i o n  du r ing  t h o s e  

2 

hours .  S t a r t i n g  from 

s u b s t i t u t i n g  (1) and (2) 
2.56(N1 + AN1) 

Nm (2.56 - 2') 
1 - = V [ 1 -  dz 

d t  2 

I n t e g r a t i n g  t h i s  e q u a t i o n  between Z1 and Z2  g i v e s  
* 

where N1 + AN1 

Nm 1 A = 2.56 [ I  - 
5 Now t a k i n g  Nm = 9 .2  x 10 / c m 3  (average  va lue  ob ta ined  from 

. t h e  N-h p r o f i l e s )  and choosing a r b i t r a r i l y  an  i r r e g u l a r i t y  of 
t 

s t r e n g t h  6 = -0.001 t h e  v e l o c i t y  V of t h e  F r e g i o n  r e q u i r e d  
f o r  a n  i r r e g u l a r i t y  s i t u a t e d  near t h e  base  of t h e  r eg ion  

set) is c a l c u l a t e d  from equa t ion  (4 j t o  be e q u a l  t o  24.3  m / s e c .  

4 
I ( Z  = 1.55)  t o  r each  t h e  l e v e l  of  hmF2 d u r i n g  i t s  l i f e t i m e  ( t  = 10 

I 
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From an examinat ion  of  t h e s e  bot tomside  t r u e  h e i g h t  p r o f i l e s ,  i t  
is n o t i c e d  t h a t  s u c h  upward mot ionsa re  n o t  uncommon a f t e r  s u n s e t .  

Thus i n  t h e  bot tomside  F r e g i o n  when t h e  r e g i o n  is  moving 

upwards a f t e r  s u n s e t ,  weak n e g a t i v e  inhomogenei t ies  c a n  move 

i n t o  t h e  l e v e l  of  hmF2 and consequen t ly  g e t  a m p l i f i e d , c a u s i n g  

Spread  F. 
A complementary p r o c e s s  h a s  been proposed by C a l v e r t  (1963) 

i n  which t h e  same a m p l i f i c a t i o n  p r o c e s s  is  invoked b u t  i t s  
o p e r a t i o n  is a t t r i b u t e d  t o  a d e s c e n t  o f  t h e  n e u t r a l  g a s  due t o  
t h e  c o o l i n g  of t h e  F r e g i o n  a f t e r  s u n s e t .  According t o  Clemmow 

e t . a l . ,  
move weak i r r e g u l a r i t i e s  w i t h  t h e  r e l a t i v e  v e l o c i t y  

(1955) a "wind" of  n e u t r a l  gas  .of v e l o c i t y  Vw w i l l  

(6 )  
1 

V = - - V E  2 w  

Thus,  i n  t h e  bot tomside  r e g i o n ,  a f t e r  s u n s e t ,  v is i n  t h e  r i g h t  

d i r e c t i o n  f o r  t h e  a m p l i f i c a t i o n  of t h e  i r r e g u l a r i t i e s ,  whereas 
i n  t h e  t o p s i d e  r e g i o n  i t  is i n  t h e  o p p o s i t e  d i r e c t i o n .  

I t  may be t h a t  b o t h  t h e s e  mechanisms a r e  o p e r a t i v e  i n  t h e  

bo t toms ide  F r eg ion  t o  produce i r r e g u l a r i t i e s  c a u s i n g  Spread F. 
However, i n  t h e  t o p s i d e  r e g i o n ,  a s  s t a t e d  e a r l i e r ,  on  t h e  b a s i s  

o f  Martyn's t h e o r y ,  i r r e g u l a r i t i e s  w i l l  be a m p l i f i e d  when t h e  
r e g i o n  is  moving downward. I t  is ' a p p r o p r i a t e  t o  c o n s i d e r  h e r e  

F a r l e y ' s  (1965) o b s e r v a t i o n s  of  t h e  e q u a t o r i a l  i onosphe re  a t  

J i camarca ,  Peru u s i n g  t h e  i n c o h e r e n t  b a c k s c a t t e r  t echn ique .  From 
h i s  f i g u r e s  of d i u r n a l  v a r i a t i o n  of e l e c t r o n  d e n s i t y  c o n t o u r s ,  i t  
c a n  be r e a d i l y  s e e n  t h a t  t h e  c o n t o u r s ,  f o l l o w i n g  a r i s e  a f t e r  

s u n s e t ,  b e g i n  t o  descend. 
Topside ionograms f o r  t h e  l a t i t u d e  r ange  Oo t o  4OS geomag. 

l a t .  f o r  t h e  hours 1800 t o  0000 LMT, d u r i n g  t h e  p e r i o d  of 

o b s e r v a t i o n  have been reduced  t o  t r u e  h e i g h t - e l e c t r o n  d e n s i t y  
by t h e  method due t o  F i t z e n r e i t e r  and Blumle (1964).  The 

r e s u l t i n g  d a t a  is p r e s e n t e d  i n  t h e  form of c o n s t a n t  h e i g h t  p r o f i l e s  
of e l e c t r o n  d e n s i t y  a s  shown i n  Fig.  5. I t  c a n  be r e a d i l y  s e e n  

f r o m  t h i s  f i g u r e  t h a t  t h e s e  c u r v e s  show a r a p i d  f a l l  from about  

2000 hours  a f t e r  an i n i t i a l  r ise.  Thus ,  i f  a t  l e a s t  p a r t  of t h i s  
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appa ren t  downward motion is  a t t r i b u t e d  t o  e lec t rodynamic  f o r c e s ,  

t h e  o n s e t  of Spread F i n  t h e  t o p s i d e  r e g i o n  a f t e r  2000 hours  can  

be e x p l a i n e d  a s  due t o  t h e  a m p l i f i c a t i o n  of the i r r e g u l a r i t i e s  

d u r i n g  t h e  downward m o t i o n  of t h e  reg ion .  It is po in ted  o u t  

e a r l i e r  t h a t  i n  the bot tomside  i r r e g u l a r i t i e s  g e t  a m p l i f i e d  
when t h e  r e g i o n  is moving upwards. Thus a s  t h e  F r e g i o n  a f t e r  

s u n s e t  first moves upwards and then  beg ins  t o  descend,  one 

would expec t  f r o m  t h e  f o r e g o i n g  d i s c u s s i o n  t h a t  Spread F s t a r t s  
e a r l i e r  i n  t h e  bottomside compared t o  , t ops ide .  T h i s  would 

e x p l a i n  on a q u a l i t a t i v e  b a s i s ,  t h e  de layed  o n s e t  of  Spread F 

i n  t h e  t o p s i d e  r e g i o n  compared t o  t h a t  i n  t h e  bot tomside.  
S i m i l a r  t o  C a l v e r t ' s  (1963) s u g g e s t i o n ,  a complementary 

p r o c e s s  is sugges t ed  h e r e  t o  e x p l a i n  t h e  p e r s i s t e n c e  of t o p s i d e  
Spread F i n  the morning hours.  A f t e r  s u n r i s e ,  t h e  upper atmosphere 
is a b r u p t l y  hea ted .  T h i s  h e a t i n g  must be accompanied by an 

ad jus tment  i n  t h e  v e r t i c a l  d i s t r i b u t i o n  of a tmospher ic  d e n s i t y  

and t h u s  by an upward m o t i o n  of t h e  n e u t r a l  atmosphere. From 

e q u a t i o n  (5), it can be s e e n  t h a t  t h i s  motion is i n  the r i g h t  
d i r e c t i o n  f o r  t h e  a m p l i f i c a t i o n  of t h e  i r r e g u l a r i t i e s  i n  t h e  
t o p s i d e  r e g i o n ,  whereas i n  the bot tomside r eg ion ,  t h i s  w i l l  
smooth o u t  t h e  i r r e g u l a r i t i e s ,  i n  a d d i t i o n  t o  t he  smoothing by 
f resh i o n i z a t i o n  due t o  s o l a r  r a d i a t i o n .  Thus, i n  t h e  t o p s i d e  

r e g i o n ,  a l though  t h e  f r e s h  i o n i z a t i o n  w i l l  t r y  t o  smooth o u t  t h e  

i r r e g u l a r i t i e s  t h a t  a r e  p r e s e n t ,  there may be a m p l i f i c a t i o n  of  

t h e  i r r e g u l a r i t i e s  i n  t h e  morning hours .  A s  a consequence, t h e  
phenomenon may persist i n  t h e  morning hours  i n  the  t o p s i d e  r e g i o n  

w i t h  reduced a c t i v i t y  as  is observed i n  the p r e s e n t  i n v e s t i g a t i o n .  
F i n a l l y ,  i t  shou ld  be p o i n t e d o u t t h a t  t h e  c u r r e n t  theories 

discussed here cannot  account  for  t h e  p e r s i s t e n c e  of t h e  Spread 

F i r r e g u l a r i t i e s  throughout  t h e  n i g h t  a s  t h e  l i f e t i m e  of t h e  
i r r e g u l a r i t i e s  p r e d i c t e d  by  these theories is o n l y  about lo4 s e c .  
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CAPTIONS FOR FIGURES 

Fig.  l a  Diurnal  Var i a t ion  of Topside Spread F f o r  L a t i t u d e s  

Fig.  l b  Diurnal  Var i a t ion  of Topside Spread F f o r  L a t i t u d e s  

Fig.  2 L a t i t u d i n a l  D i s t r i b u t i o n  of Topside Spread F. 

North of Geomagnetic Equator.  

South of Geomagnetic Equator. 

Fig.  3 Kp index v s  Percentage Occurrence of Topside Spread F. 

Fig.  4 Diurnal  Var i a t ion  of Topside and Bottomside Spread F. 

Fig.  5 E lec t ron  Densi ty  a t  Constant A l t i t u d e s  i n  t h e  Tops ide ,  
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